Previous lncRNA microarray screening found that the AC002454.1 gene was highly expressed in endometriosis (EMS), and these expression levels were highly correlated with cyclin-dependent kinase-6 (CDK6). This study investigated the expression level and correlation between AC002454.1 and CDK6 in endometrium tissues and the influence of these changes in expression upon the biological behavior of eutopic endometrial cells. We confirmed AC002454.1 and CDK6 mRNA and protein were highly expressed in ectopic and eutopic endometrial tissue from patients with EMS and were clearly correlated. In vitro, both AC002454.1 and CDK6 positively regulated the proliferation, migration and invasion ability of eutopic endometrial cells and could promote the transformation of cells from G0/G1 phase to S phase. AC002454.1 and CDK6 may have synergistic effects, thereby affecting the biological behavior of endometrial cells, and thus promote the progression of EMS.
Introduction
Endometriosis (EMS) is an estrogen-dependent disease which is refractory and associated with cell dysfunction. The main clinical symptoms of EMS are chronic pelvic pain, infertility and dysmenorrhea (Lessey & Kim 2017) , which are associated with extensive maturation, invasion and a growth ability similar to a malignant tumor (Giudice & Kao 2004) . The retrograde menstruation phenomenon represents a classic theory relating to the pathogenesis of EMS (Burney & Giudice 2012) . Although 90% of women experience menstrual blood flow during menstruation, only 10% of women suffer from this disease (Mckinnon et al. 2018) , indicating that the inherent biological characteristics of the eutopic endometrium must play a key role (Xu et al. 2010) . Studies have shown that patients with EMS in the lining of the endometrium, especially during the secretory phase, appear different in terms of endometrial cell structure, migration, invasion, proliferation, angiogenesis, apoptotic ability and the expression of certain genes (Sundqvist et al. 2012) . These studies have provided further evidence for 'eutopic endometrium determinism' (Zhang et al. 2015) .
Previous preliminary work by our group used lncRNA chip screening and bioinformatic analysis to investigate the endometrium in both EMS and normal subjects. This work found that the AC002454.1 gene (Transcript ID: ENST00000452050) is one of the most highly expressed genes; real-time polymerase chain reaction (RT-PCR) confirmed that the relative expression of AC002454.1 mRNA in eutopic endometrium tissue (EU) was significantly increased .
LncRNAs form a group of RNAs which are more than 200 nucleotides in length, lack a complete open reading frame, have no protein-coding function and are ubiquitous in eukaryotic cells (Khorkova et al. 2015) . LncRNAs are known to play an important role in malignant tumors such as gastric cancer (Yan et al. 2016) , prostate cancer (Ling et al. 2017) , lung cancer (Loewen et al. 2014) and kidney cancer (MartensUzunova et al. 2014) . AC002454.1 was previously identified as a natural antisense lncRNA . In our previous chip analysis, we found that AC002454.1 exhibits a significant association with its adjacent gene, cyclin-dependent kinase-6 (CDK6) (Pearson's correlation coefficient: 0.744, P < 0.001). AC002454.1 is located at position 92465802-92546437 of chromosome 7, while our previous work showed that CDK6 was the mRNA with the highest fold difference in the cell cycle pathway and was ranked first in our pathway analysis . CDK6 is located at position 92234234-92465941 of chromosome 7, both AC002454.1 and CDK6 have overlapping regions of approximately 139 nucleotides in length. The positional relationship between AC002454.1 and CDK6 is head-to-head; in other words, the 5′ end sequence of the antisense strand is complementary to the 5′ end sequence of the sense strand.
CDK6 is a carcinogenic kinase that regulates the cell cycle in the G1 phase (Tigan et al. 2016 ) and initiates transcription of the genes necessary for cell cycle and cell proliferation (Paternot et al. 2014) . Gene ontology analysis suggested that differential mRNA transcripts are primarily associated with the cell cycle . In addition to promoting cell proliferation, CDK6 also enhances vascular endothelial growth factor A (VEGF-A) expression, thereby inducing angiogenesis and endothelial cell growth, and thus, enhances vascular permeability; this action is independent of its kinase activity (Otto & Sicinski 2013) .
Previous studies have also confirmed that CDK6 and AC002454.1 are highly expressed in the endometrium of patients with EMS and show strong positive correlations . At the same time, bioinformatic prediction methods suggest that there may be direct interactions between AC002454.1 and CDK6 based on RNA-Protein Interaction Prediction (RPISeq). Therefore, it is reasonable to speculate that these two genes may complement each other to form an lncRNA-mRNA duplex and participate in maintaining the stability of CDK6-mRNA and thus increase protein expression levels. This causes cell cycle disorder in endometrial cells, causing changes in their proliferative capacity and angiogenic ability, thus participating in the disease progression of EMS.
The regulation of CDK6 and AC002454.1 may represent an important molecular mechanism in the formation of a hyperproliferative state during the secretory phase of the endometrium in patients with EMS. However, in the context of EMS, there is still a lack of research relating to lncRNA and CDK6 in terms of cell cycle disorder. In the present study, we aimed to investigate the expression, correlation and regulatory relationships of AC002454.1 and CDK6 in ectopic and eutopic endometrium from patients with EMS. We also investigated the effect of AC002454.1 and CDK6 in the biological behavior of eutopic endometrial cells from patients with endometriosis.
Materials and methods

Tissue sample collection
After obtaining consent from the Liaoning Cancer Hospital Medical Ethics Committee (Ethical approval number: 20170222) and written informed consent from patients, we selected endometrial and ectopic lesions from the secretory phase of patients with EMS according to preoperative ultrasonography and menstrual cycle data as the experimental group. Subjects with a normal endometrium and without estrogen-dependent diseases served as a control group. Thirty specimens from the experimental and control groups were used for tissue experiments, while ten specimens were used for cell experiments. The clinical characteristics of patients from the experimental group and the control group were not significantly different (P > 0.05), including age (mean age: 37.53 ± 6.54 years in the EMS group and 40.30 ± 5.10 years in the control group) and BMI (mean: 21.42 ± 2.24 in the EMS group and 21.83 ± 3.39 in the control group). All patients had regular menstruation and no other malignant, estrogendependent, immune, surgical or inflammatory diseases. Furthermore, none of the subjects had received GnRH analogs, hormones or anti-inflammatory drugs for the 6 months prior to surgery. Each experiment was repeated at least three times.
RT-PCR
Total RNA extraction and transcription was performed in strict accordance with guidelines provided with the RNA Extraction and Transcript Kit (TaKaRa). The primer sequences are presented in Table 1 . RT-PCR reactions (SYBR®Prmix Ex Taq TM kit, TaKaRa) were performed on a LightCycler 480 (Roche) by denaturation at 95°C for 5 min (1 cycle) and amplification at 95°C for 10 s and then 60°C for 30 s (45 cycles). Quantitative mRNA expression was calculated using the 2 −ΔΔCt method.
Immunohistochemistry
Immunohistochemistry (IHC) was performed using the SP kit (ZSGB-BIO, Beijing, China), in accordance with the manufacturer's instructions. Tissue sections were incubated with a CDK6 antibody (Santa Cruz; 1:200) and antibody binding was developed using a DAB chromogenic kit (Beyotime, Nanjing, China). For analysis, the sections were randomly numbered, double-blinded and analyzed by light microscopy (E100; Nikon). Analysis was performed independently by two pathologists; their consensus was considered as the final score. The extent of positive staining was scored by calculating the proportion (%) of positively stained cells: <5%, 0 points; 5-10%, 1 point; 10-50%, 2 points and >50%, 3 points. The intensity of staining was scored as follows: no staining, 0 points; light yellow, 1 point; moderate yellow, 2 points and strong yellow, 3 points. The final IHC score was determined by multiplying the extent of the staining by the intensity; scores of 0-3 and 4-9 were considered negative and positive expression, respectively (Lv et al. 2018) .
Western blotting
Total protein extraction was performed using protein lysate buffer in accordance with the manufacturer's instructions for 120 min at room temperature. Finally, the Enhanced ECL kit (Beyotime) was used to develop positive signals and the integrated density was analyzed using ImageJ software.
Primary culture of endometrial stromal cells
Using an established culture method for mature endometrial stromal cells (Xu et al. 2010) , fresh endometrial tissue was cut into 0.5-l mm 3 pieces and digested with 0.1% Type I collagenase digest (Sigma). Tissue residue was removed by filtration through a 100-mesh screen and then a 400-mesh screen. Finally, cells were cultured in configuration medium (CM) including DMEM/F12 (Hyclone, Logan, UT, USA) medium, 10% fetal bovine serum (FBS, Bioind, Israel) and 1% double antibiotic (Gibco) in an incubator containing 5% CO 2 at 37°C. The primary cells were passaged three times in order to optimize the quality of the results.
Lentiviral transfection
Eutopic endometrial cells from patients with EMS (ESC) were divided into three groups: transfected with AC002454.1 and CDK6 silencing lentiviral particles (Genechem, China) (AC002454.1-RNAi, CDK6-RNAi), transfected with negative lentiviral particles (AC002454.1-NC, CDK6-NC) and a blank control group (ESC). Normal endometrial cells from a control group (NESC) were divided into three groups: transfected with AC002454.1 and CDK6 overexpressing virus (AC002454.1-cDNA, CDK6-cDNA), transfected with negative virus (AC002454.1-NC, CDK6-NC) and a blank control group (NESC).
Transfection was performed according to the instructions provided by Genechem. When the degree of fusion between endometrial stromal cells in each six-well plate reached 50%, replaced the CM and added polybrene at a final concentration of 5 μg/mL, and the multiplicity of infection value was 30 when infection was performed.
Cell proliferation assays
Cells from each group were trypsinized and seeded into a 96-well plate (5000 cells/well); cell-free medium was used as a blank control group. After transfection for 24, 48, 72 and 96 h, we added 10 µL of Cell Counting Kit8 (CCK8, Dojindo, Japan) reagent to each well and incubated at 37°C for 150 min. The absorbance was then measured at a wavelength of 450 nm using an ELISA plate reader (Bio-Rad). The cell proliferation rate was calculated as the ratio of the optical density values.
Wound-healing assays
Cells from each group were transfected into a six-well plate and cultured until they reached 90% confluence. A wound was created with a pipette tip and cultured with serum-free DMEM/F12 medium. According images captured using an inverted microscope (Nikon) at 0, 24 and 48 h, we determined the migration ability of the cells by counting the number of cells migrating into the scratches.
Transwell assays
Matrigel (BD) was diluted 1:6 with serum-free DMEM/ F12 medium, coated on the bottom of a Transwell chamber (Corning) and coagulated at 37°C, 5% CO 2 for 4 h. After transfection for 48 h, cells were diluted to 4 × 10 5 cells/mL in serum-free DMEM/F12 medium and inoculated 200 μL into the upper chamber. Then, 600 μL of 20% FBS medium was added to the lower chamber as a chemoattractant. The culture chamber was then removed and washed twice with phosphate buffer saline after 24 h. We then wiped off cells from the upper layer of the membrane and fixed these in 4% paraformaldehyde for 20 min and stained with crystal violet at room temperature for 30 min. Excess dye solution was then washed off and the cells were photographed using light microscopy.
Cell cycle assay
After transfection for 48 h, cells from each group were collected and adjusted to a cell concentration of 1 × 10 6 /mL. Experiments involved 1 mL of single cell suspension and was carried out in strict accordance with the manufacturer's instructions (Keygen Biotech, Nanjing, China). Cell content was then evaluated by flow cytometry (BD Accuri C6), and the relative proportion of cells in G0/G1, S and G2/M phases was analyzed by ModFit LT software.
Statistical analysis
Statistical data analysis was performed using SPSS 20.0 statistical software (SPSS Inc.). Two independent sample t-tests were used to compare the differences between the two groups. One-way ANOVA was used to compare means between multiple groups. All data were expressed as mean ± standard deviation. Correlation analysis was performed using Pearson's correlation analysis.
Results
Expression of AC002454.1 and CDK6 mRNA
Using GAPDH as an internal reference, RT-PCR indicated that the relative expression of AC002454.1 and CDK6 mRNA in EU were significantly higher than that of normal endometrium tissues (NE) (P < 0.05; Fig.  1A and B) and were positively correlated (Pearson correlation coefficient: 0.691, P < 0.001). There was no significant difference between ectopic endometrium tissue (EC) and EU (P > 0.05).
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Expression of CDK6 protein
Western blotting ( Fig. 1C and D) showed that the relative expression of CDK6 protein in EU was significantly higher than that in NE (P < 0.05). There was no statistical difference between EC and EU (P > 0.05). IHC suggested that CDK6 protein was mainly expressed in the cytoplasm and nucleus of stromal cells in NE, EU and EC (Fig. 1E, F and G) . The positive rate of CDK6 protein expression was 25.0% in NE, 66.7% in EC and 73.3% in EU. The positive expression rate of CDK6 protein in EU was significantly higher than that of NE (P < 0.05), while there was no significant difference between EC and EU (P > 0.05; Table 2 ).
Overexpression of AC002454.1 and CDK6 promote expression of AC002454.1 and CDK6 mRNA
RT-PCR results indicated that the relative expression levels of AC002454.1 and CDK6 mRNA in AC002454.1-RNAi and CDK6-RNAi were significantly lower than those in AC002454.1-NC, CDK6-NC and ESC (P < 0.05; Fig. 2A and B) . The relative expression levels of AC002454.1, CDK6 mRNA in AC00254.1-cDNA and CDK6-cDNA were significantly higher than those in AC002454.1-NC, CDK6-NC and NESC (P < 0.05; Fig.  2C and D) . There was no significant change between the negative lentiviral particles group and the blank control group (P > 0.05).
Overexpression of AC002454.1 and CDK6 promotes the expression of CDK6 protein
Western blotting results suggested that the relative expression level of CDK6 protein in AC002454.1-RNAi and CDK6-RNAi were significantly lower than those in AC002454.1-NC, CDK6-NC and ESC (P < 0.01; Fig. 2E and G). The relative expression levels of CDK6 protein in AC00254.1-cDNA and CDK6-cDNA were significantly higher than those in AC002454.1-NC, CDK6-NC and NESC (P < 0.05; Fig. 2F and H). There was no significant change between the negative lentiviral particles group and the blank control group (P > 0.05).
Overexpression of AC002454.1 and CDK6 promote proliferation of endometrial stromal cells
Under basal conditions, ESC exhibited more vigorous proliferative capabilities than NESC after being cultured for 24, 48, 72 and 96 h (P < 0.05; Fig. 3A) . The relative proliferative ability of AC002454.1-RNAi and CDK6-RNAi were significantly lower than those in AC002454.1-NC, CDK6-NC and ESC (P < 0.05; Fig.  3B and C). Relative proliferation in AC00254.1-cDNA and CDK6-cDNA were significantly higher than those in AC002454.1-NC, CDK6-NC and NESC (P < 0.05; Fig.  3D and E). There was no significant change between the negative lentiviral particles group and the blank control group (P > 0.05).
Overexpression of AC002454.1 and CDK6 promote migration of endometrial stromal cells
The cell scratch assay showed that the relative migration ability of AC002454.1-RNAi and CDK6-RNAi were significantly lower than those in AC002454.1-NC, CDK6-NC and ESC (P < 0.01; Fig. 4A and C) . The relative The expression rate of CDK6 protein in the eutopic endometrium of EMS and normal endometrium. **P < 0.001 vs the normal endometrium.
migration ability of AC00254.1-cDNA and CDK6-cDNA were significantly higher than those in AC002454.1-NC, CDK6-NC and NESC (P < 0.01; Fig. 4B and D ). There were no significant changes in the negative lentiviral particles group and the blank control group, respectively.
Overexpression of AC002454.1 and CDK6 promote invasion of endometrial stromal cells
Transwell invasion assays showed that the invasive ability of AC002454.1-RNAi and CDK6-RNAi were significantly lower than those of AC002454.1-NC, CDK6-NC and ESC (P < 0.01; Fig. 5A and C). The invasive ability of AC00254.1-cDNA and CDK6-cDNA were significantly higher than those in AC002454.1-NC, CDK6-NC and NESC (P < 0.01; Fig. 5B and D ). There were no significant changes in the negative lentiviral particles group and the blank control group, respectively.
Overexpression of AC002454.1 and CDK6 promote cell cycle transformation of endometrial stromal cells
Flow cytometry showed that the proportion of cells in G0/G1 phase was increased significantly, while the proportion of cells in S phase was decreased significantly in AC002454.1-RNAi and CDK6-RNAi when compared with AC002454.1-NC, CDK6-NC and ESC (P < 0.01; Fig. 6A and C) . In AC00254.1-cDNA and CDK6-cDNA, compared with AC002454.1-NC, CDK6-NC and NESC, the proportion of cells in G0/G1 phase was significantly decreased, while the proportion of S phase was significantly increased (P < 0.01; Fig.  6B and D). There were no significant changes in the negative lentiviral particles group and the blank control group, respectively.
Discussion
Previous research, using lncRNA microarrays, suggested that AC002454.1 was differentially expressed in EU and NE, while RT-PCR further suggested that the expression level of AC002454.1 was positively correlated with CDK6, the gene in a directly adjacent position . In the present study, we further confirmed that both the expression of AC002454.1 and CDK6 was significantly increased in EU and EC and that they showed positive correlation. Furthermore, after regulating the expression levels of AC002454.1 and CDK6, we identified numerous changes in biological behavior, including cell proliferation, migration and invasion. Both AC002454.1 and CDK6 can reduce the proportion of cells in G0/G1 phase and increase the proportion of cells in S phase. Consequently, our results indicate that both AC002454.1 and CDK6 can promote EMS by affect the biological behavior of endometrial stromal cells. The regulatory mechanism of AC002454.1 and CDK6 in EMS deserves further research attention. LncRNAs play a key role in the regulation of target genes in many diseases (Wu et al. 2018 , Cremer et al. 2018 . Furthermore, antisense lncRNAs can regulate target gene expression via a range of different mechanisms (Villegas & Zaphiropoulos 2015 , He et al. 2019 . In the present study, our group showed that AC002454.1 may be one of the molecular targets involved in the origin of eutopic endometrial change in EMS. AC002454.1 is a natural antisense lncRNA with three transcripts: ENST00000424523; ENST00000452050 and ENST00000435695. It has been reported in the literature that ENST00000435695 is expressed at abnormally high levels in children with acute leukemia (AL) and that the expression level is related to the immunophenotype of children with AL. Downregulation of AC002454.1 expression can inhibit the proliferation of leukemia cells, affect the cell cycle, increase apoptosis rate and affect the expression of CDK6 (Cao et al. 2016) . Other work has shown that ENST00000424523 is expressed at low levels in gastric cancer cells and inhibits both cell proliferation and migration (Luo et al. 2018) . However, the role of ENST00000452050 has not been reported previously in the literature.
The present study found that ENST00000452050 is highly expressed in the eutopic endometrial cells of EMS. After upregulating the expression levels of AC002454.1, we identified that the cell proliferation, migration and invasion ability was enhanced and that the proportion of cells in G0/G1 phase was reduced, while the proportion in S phase was increased. After downregulating the expression levels of AC002454.1, we found that the cell proliferation, migration and invasion ability weakened, the proportion of cells in G0/G1 phase increased and that the proportion in S phase was reduced. Therefore, AC002454.1 plays an important role in the process of EMS by affecting the basic biological behavior of eutopic endometrium and that the molecular mechanism may be related to the regulation of CDK6 on the cell cycle. This provides new clues for the further exploration of mechanisms underlying EMS.
Previous pathway analysis, using chip technology, showed that the cell cycle pathway was ranked first and that CDK6 was the transcript showing the highest difference in this pathway . In addition, the role of cell cycle disorder in the occurrence and development of EMS is becoming a new focus for studying the mechanisms of EMS (Kobayashi et al. 2014) . Incomplete and delayed transformation from the proliferative phase to the secretory phase is characteristic of the eutopic endometrium of EMS (Burney et al. 2009 ). This is accompanied by a persistent proliferative state of eutopic endometrial cells in the secretory phase. A highly proliferative endometrium from the late secretory phase refluxing through the menstrual blood is more likely to form EMS. It has been reported that one option to search for new treatments for EMS is to search for genes associated with the cell cycle in order to inhibit the proliferation of endometrial cells. For example, anti-Mullerian hormone (AMH) can prolong the G1/G2 phase and shorten the S phase (Signorile et al. 2014) . The G protein-coupled estrogen receptor agonist G-1 is known to arrest the cell cycle and accumulate in the G1 phase, inhibit the proliferation of endometrial cells, induce apoptosis and is expected to be able to alleviate and treat EMS in the future (Mori et al. 2015) .
Recent studies have found that in addition to promoting cell proliferation, CDK6 also enhances the expression of VEGF-A, thereby inducing angiogenesis and endothelial cell growth, enhancing vascular permeability, although this action is not related to its kinase activity (Tigan et al. 2016) . These biological characteristics are closely related to the process of EMS formation (Young et al. 2015) . The present study found that CDK6 is highly expressed in the eutopic endometrial cells of EMS. Upregulating the expression levels of CDK6 enhanced cell proliferation, migration and invasion ability, reduced the proportion of cells in G0/G1 phase and increased the proportion in S phase. Therefore, CDK6 can promote the progression The present study suggested that the expression level of AC002454.1 is positively correlated with CDK6; we also observed that these genes are adjacent to each other in the genome, with an overlapping region. lncRNA acts in either a cis (neighboring gene interactions) or trans (interacting with remote transcriptional promoters or inhibitors) fashion to regulate gene expression at the transcriptional level (Bassett et al. 2014 , Joung et al. 2017 , in either a positive or negative manner. Therefore, it is reasonable to speculate that AC002454.1 and CDK6 may complement each other to form a lncRNA-mRNA duplex and participate in maintaining the stability of CDK6-mRNA and thus increase the protein expression level, thus causing cell cycle disorder in endometrial cells, enhancing their proliferative capacity and angiogenic ability. AC002454.1 may also affect the expression of CDK6, leading to cell cycle disorder and participate together in the pathogenesis of EMS. We have confirmed that both of them play a role in the progression of endometriosis, but whether there is a direct binding relationship between AC002454.1 and CDK6 or CDK6 regulates the expression of AC002454.1 through other feedback mechanisms still needs to explore in the future.
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